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EDGE DETECT SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application relates to and claims priority from US. 
Provisional Patent Application Ser. No. 61/090,715, ?led 
Aug. 21, 2008. 

BACKGROUND OF THE INVENTION 

The present invention pertains to metal cutting torch con 
trol systems and, more particularly, to an apparatus and 
method for detecting the edge of a Workpiece being cut With 
a cutting torch Whereby unintended contact of the torch With 
the Workpiece is obviated. 
On thermal cutting machines, utiliZing non-contact cutting 

torches, means are typically provided for maintaining the 
height of the cutting torch above the Workpiece, typically a 
generally ?at metal plate. HoWever, because the plate may be 
Warped and not sit ?at and level With respect to the overhead 
cutting tool operating in a horiZontal X-Y plane, height 
adjustment is necessary to prevent damaging contact betWeen 
the torch or torches and the plate. This need is even more 
critical When the tools are positioned to provide bevel cutting 
on the plate. 

Mechanical torch height sensing and control systems are 
knoWn. One such system utiliZes a vertically free ?oating 
probe that rides on the surface of the plate and Whose vertical 
movement is monitored and used to adjust the height of the 
cutting torch above the plate in response to plate surface 
irregularities in order to maintain the desired height of the 
cutting torch above the plate. In such systems, one or more 
torches are mounted on a support attached to a motoriZed 
servo controlled vertical slide. The plate contact probe is 
mounted on the same support and positioned as close as 
possible to the torch or torches Without being subject to dam 
age or destruction by the heat of the cutting process. As the 
probe rests on and slides over the surface of the plate, the 
vertical position of the probe is measured by a linear trans 
ducer and the position information is processed by a CNC/ 
PLC Which provides a signal to move the torch slide up or 
doWn. By permitting the probe and torch to operate indepen 
dently of each other, different torch-to-plate gaps may be set 
for different cutting conditions and Workpiece materials. In 
one prior art method of the control, the plate rider probe 
assembly is mechanically adjusted up or doWn in relation to 
the cutting torch. The control then adjusts the height of the 
torches so that the voltage across the linear transducer main 
tains a constant value. In another prior art method, the trans 
ducer voltage value is programmed, thereby changing the 
operating height betWeen the torch and the plate or other 
Workpiece surface. 

During normal cutting, Without the system of the present 
invention, the torch may move in a path that closely 
approaches the edge of a cutout portion or the edge of the 
plate. In either situation, the height sensing probe Will move 
off and out of contact With the plate and move doWnWardly. 
The height sensing system Will respond by directing the torch 
to folloW vertically doWnWardly, resulting in the torch crash 
ing into the plate on Which it is cutting. 

SUMMARY OF THE INVENTION 

The object of the present invention is to prevent unintended 
torch height change When the height sensing probe moves off 
the plate or into an opening in the plate. The probe is provided 
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With a loWer plate contact surface provided With an air outlet 
or sensing hole operatively connected to a pressuriZed air 
source. The operative connection includes a pressure sensor, 
?oW control and pres sure regulator. When the probe is resting 
on the plate and the air outlet sensing hole in the probe is 
essentially closed, relatively higher pressure Will be created 
in the supply line than When the outlet hole is uncovered, as 
When the probe moves off the edge of the plate. The pressure 
sensor in the air supply line monitors air pressure and is set to 
sense the pressure drop When the probe moves off the plate to 
provide an output signal to the torch slide to prevent the torch 
from folloWing the doWnWard movement of the probe. 
The loWer surface contacting portion of the probe is pref 

erably shaped With a uniformly upWardly curved surface tran 
sition, knoWn in the prior art torch height control system, that 
permits the probe to slide easily over the plate and to ride over 
debris or tip-ups on the plate. In applying the probe to the 
present invention, the upWardly curved surface transition per 
mits the probe to move smoothly off the plate edge, and to be 
moved vertically upWardly against the plate edge to permit 
the probe to return to the plate surface after falling off. The 
probe is siZed and shaped to permit it to be located su?iciently 
close to the plate to keep the sensed pressure above a pressure 
that Would indicate the presence of the plate. The gradual and 
uniform upWardly curved contour on the bottom surface por 
tion of the probe permits torch height control With very little 
loss of torch height and contour accuracy upon edge detec 
tion. 

In accordance With one embodiment of the invention, an 
edge detection apparatus is provided for a non-contact cutting 
tool that is mounted for three-axis travel in a programmed 
cutting pattern horiZontally over a Workpiece betWeen the 
edges thereof and vertically on a servo slide. The apparatus 
includes a vertically free ?oating probe that is adapted to ride 
on the top surface of the Workpiece and to travel horizontally 
With the cutting tool. The probe operates vertically on a linear 
transducer to monitor the vertical position of the probe and to, 
in turn, generate a signal that is operative to control the servo 
slide position of the tool and to maintain a selected gap 
betWeen the tool and the Workpiece. An air supply operates to 
provide a monitored ?oW of pressurized air through the probe 
and directly to the surface of the Workpiece. An air pressure 
sensor is operative to sense a decrease in the pressuriZed air as 
the probe moves off an edge of the Workpiece and to generate 
a control signal operative to hold the vertical position of the 
tool. 

In accordance With another aspect of the invention, there is 
provided a method for detecting an edge of a Workpiece over 
Which a non-contact cutting torch is mounted for three-axis 
travel in a programmed cutting pattern horiZontally over the 
Workpiece betWeen the edges thereof and vertically on a servo 
control slide. The method comprises the steps of (1) mounting 
a vertically free ?oating probe to ride on the surface of the 
Workpiece and to travel horiZontally With the cutting torch, 
(2) monitoring the vertical position of the probe With a linear 
transducer, (3) generating a probe position signal to operate 
the servo control slide to maintain a selected gap betWeen the 
torch and the Workpiece, (4) directing a ?oW of pres suriZed air 
through the probe and against the surface of the Workpiece, 
(5) monitoring the pressure of the air ?oW, (6) sensing a 
decrease in pressure as the probe moves off the edge, and (7) 
generating a signal in response to the pressure decrease 
operative to hold the vertical position of the torch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front elevation vieW of an oxyfuel cutting system 
utiliZing the edge detect apparatus of the present invention; 
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FIG. 2 is a side elevation of the cutting tool system shown 
in FIG. 1; 

FIG. 3 is a front elevation detail of the edge detect appara 
tus shown in FIG. 1 with the edge detect probe riding atop a 
workpiece; 

FIG. 4 is an end elevation detail of the edge detect appara 
tus shown in FIG. 1 in which the apparatus has dropped off the 
edge of the workpiece; and 

FIG. 5 is a schematic representation of the edge detect 
system of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Non-contact cutting tools are well known and well devel 
oped in the prior art. These tools use various types of cutting 
media, including oxyfuel, plasma and lasers. A typical cutting 
machine, using one or more cutting torches, is typically 
mounted on a carriage that provides automatic torch position 
ing movement on three mutually perpendicular axes and, in 
addition, rotational movement for angularly positioning the 
cutting torch or torches, as for bevel cutting. A typical torch 
supporting carriage moves over a cutting table on which a 
metal plate or other workpiece is supported and cuts the 
workpiece in accordance with a programmed pattern. With 
the cutting tool operating in a horizontal X-Y cutting plane, 
torch height adjustment and control is necessary depending 
on the cutting job being performed and also to prevent dam 
aging contact with the workpiece because of irregularities or 
tip-ups in the path of the cutting tools. Mechanical torch 
height sensing and control systems include so-called “plate 
rider” probes that ride on the surface of the workpiece and 
whose vertical movement is monitored and used to adjust the 
height of the cutting torch in response to workpiece surface 
irregularities. 

The apparatus of the present invention adapts a plate rider 
probe to obviate the problem of the cutting torch or torches, 
which are spaced horizontally from the probe, from moving 
downwardly as the probe moves off the edge of the work 
piece, causing the tools to crash into the workpiece surface. 
As shown in FIGS. 1 and 2, a three-torch cutting assembly 

10 is carried on a vertical support structure 11 which, in turn, 
is suspended from an X-Y gantry system (not shown). How 
ever, the method and apparatus of the present invention are 
applicable to any type of non-contact cutting tool and to 
single tool systems. In the three-torch assembly shown, each 
of the oxyfuel torches 12 is adjustable to vary its angular 
position with respect to a horizontal table carrying the plate or 
other workpiece being cut. The torch assembly 10 is also 
rotatable with respect to the vertical support structure 11 to 
facilitate cutting circular or other curved patterns. 
An edge detect probe assembly 13 of the present invention 

is mounted on the cutting torch assembly 10 to position an 
edge detect probe 14 as close as practicable to the cutting 
torches 12 so the probe will not be damaged or destroyed by 
the heat generated by the torches. The edge detect probe 14 is 
mounted in a cylindrical housing 15 attached directly to the 
torch assembly with a mounting bracket 16. The probe 14 
itself, however, is mounted for free ?oating vertical move 
ment in the cylindrical housing 15 such that it may move 
vertically up or down in response to changes in the surface of 
the workpiece on which it rides. The edge detect probe 14 
includes a lower probe housing 17 having a hardened outer 
surface with a generally ellipsoidal shape. The housing 17 is 
essentially hollow, but includes the lower end of a rigid tubu 
lar air supply tube 18 that extends through the probe housing 
17 with the lower end de?ning a pressurized air outlet 20. A 
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4 
hollow center shaft 21 is connected at its lower end to the 
probe housing 17 and extends upwardly through the cylindri 
cal housing 15 for vertical sliding movement on bearing 
sleeves (not shown) within the housing 15. A hollow tubular 
rod extension 22 is attached to and extends upwardly from the 
upper end of the center shaft 21. At the connection between 
the center shaft 21 and the rod extension 22, a control arm 23 
is attached to and extends horizontally into operative engage 
ment with a linear transducer 24 carried by and secured in a 
?xed position on the mounting bracket 1 6. Vertical movement 
of the center shaft 21 and the probe housing 17 carried thereon 
is transmitted by the control arm 23 to the linear transducer to 
monitor the vertical position of the probe. 
A supply of pressurized air 25 is provided to the upper end 

of the rod extension 22 via a ?exible hose connection 26. 
Between the air supply 25 and the air supply tube 18 to the 
probe, there are connected an adjustable pressure regulator 
27, a ?ow control 28, and an adjustable pressure sensor 30. 
Pressurized air is supplied to air outlet 20 at the bottom of the 
probe housing 17 and is initially set to permit the probe to 
remain in contact with the surface of the workpiece. During 
normal operation, slight vertical movements of the probe by 
virtue of irregularities in the surface of the workpiece are 
picked up by the linear transducer 24 and a signal is generated 
by a PLC 31 to cause the cutting torch 12 to move vertically 
in accordance with the movement of the probe all in a manner 
well known in the art. 

However, if the probe 14 begins to move off the edge of the 
workpiece or plate 32, as shown in FIG. 4, the elliptical or 
ellipsoidal shape of the probe housing 17 will permit the free 
?oating probe to begin to move downwardly at an increasing 
rate due to the surface of the probe curving increasingly more 
rapidly in the upward direction. Without an edge detect sys 
tem, if the probe housing moves completely off and out of 
contact with the plate 32, the free ?oating probe will drop 
vertically and the corresponding signal to the transducer 24 
will be processed by the PLC to cause the cutting torch 12 to 
also drop vertically and crash into the plate. However, as the 
probe moves off the plate and the air outlet 20 in the bottom of 
the probe housing 17 moves out of closing contact with the 
plate, the rapid decrease in air pressure will be sensed by the 
pressure sensor 30 and a signal generated thereby to the PLC 
and will operate to immediately halt downward movement of 
the torch 12 and prevent it from crashing into the plate. 
The ellipsoidal shape of the bottom of the probe housing 17 

is signi?cant because it minimizes the drop in height of the 
cutting tool until the air outlet 20 is unblocked and opens and, 
in addition, the probe housing shape provides a much 
smoother transition as the probe returns to the plate and rides 
up over the plate edge. 

I claim: 
1. An edge detection probe for a non-contact cutting torch 

operating horizontally over a workpiece, the probe operative 
to control the vertical position of the torch over the work 
piece, the probe comprising: 

a probe housing mounted to rest in contact with the work 
piece and to ?oat freely in the vertical direction in 
response to vertical changes in the workpiece surface 
during horizontal torch movement; 

the probe housing having a lower surface portion providing 
the contact with the workpiece; 

a pressurized air outlet in the lower surface portion of the 
probe for directing pressurized air from a source against 
the workpiece; and, 

means for monitoring the air pressure and for generating a 
torch control signal in response to a pressure drop 
indicative of movement of the probe air outlet off an 
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edge of the workpiece, the signal operative to hold the 
vertical position of the torch. 

2. The apparatus as set forth in claim 1 Wherein the loWer 
surface portion of the probe comprises a uniformly upwardly 
curved surface transition surrounding the air outlet. 

3. The apparatus as set forth in claim 2 Wherein the loWer 
surface portion of the probe is ellipsoidal. 

4. The apparatus as set forth in claim 1 Wherein the air 
pressure monitoring means comprises a pressure sensor hav 
ing a direct connection to the pressurized air outlet. 

5. The apparatus as set forth in claim 4 comprising a How 
control and pressure regulator betWeen the pressure sensor 
and the source of pressurized air. 

6. An edge detection apparatus for a non-contact cutting 
tool mounted for 3-axis travel in a programmed cutting pat 
tern horizontally over a Workpiece betWeen the edges thereof 
and vertically on a servo slide, the apparatus comprising: 

a vertically free ?oating probe adapted to ride on the top 
surface of the Workpiece and to travel horizontally With 
the cutting tool; 

the probe operative vertically on a linear transducer to 
monitor the vertical position of the probe to, in turn, 
generate a signal operative to control the servo slide 
position of the tool and maintain a selected gap betWeen 
the tool and the Workpiece; 

an air supply operative to provide a monitored How of 
pressurized air through the probe and directly to the 
surface of the Workpiece; and, 
an air pressure sensor operative to sense a decrease in the 

pressurized air as the probe moves off the edge of the 
Workpiece and to generate a control signal operative 
to hold the vertical position of the tool. 

7. The apparatus as set forth in claim 6 Wherein the air 
supply comprises: 

a source of pressurized air for the probe; and, 
the pressurized air source directing air to an air outlet in a 

bottom surface portion of the probe in direct contact With 
the surface of the Workpiece. 

8. The apparatus as set forth in claim 7 Wherein the bottom 
surface portion of the probe comprises an upWardly curved 
surface transition surrounding the air outlet. 

9. The apparatus as set forth in claim 6 Wherein the probe is 
attached to the cutting tool. 

10. The apparatus as set forth in claim 9 Wherein the probe 
and the tool are attached to a common carriage. 

11. A method for detecting an edge of a Workpiece over 
Which a non-contact cutting tool is mounted for horizontal 
travel in a programmed cutting pattern, and Wherein a verti 
cally free moving probe assembly is mounted to ride on the 
top surface of the Workpiece, to travel horizontally With the 
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cutting tool, and to generate a signal operative to change the 
vertical position of the tool in response to vertical movement 
of the probe over the surface, the method comprising the steps 
of: 

(1) providing a loWermo st surface portion of the probe With 
a pressurized air outlet; 

(2) directing, in use, a How of pressurized air to the outlet 
from a source of pressurized air; 

(3) monitoring the pressure of the air supplied to the probe 
outlet; 

(4) sensing a decrease in the monitored pressure as the 
probe moves off the edge of and out of contact With the 
Workpiece; and, 

(5) using the sensed pressure decrease to generate a signal 
operative to hold the vertical position of the tool. 

12. The method as set forth in claim 11 including the step 
of providing the loWermost surface portion With an upWardly 
curved surface transition surrounding and centered on the 
outlet. 

13. The method as set forth in claim 11 including the step 
of providing the loWermo st surface portion With an ellipsoidal 
surface transition surround the air outlet. 

14. The method as set forth in claim 11 including the steps 
of: 

(1) providing a selectively regulated How of pressurized air 
from the source; and, 

(2) sensing the decrease in pressure With a pressure sensor 
in an air supply line betWeen the source and the outlet. 

15. A method for detecting an edge of a Workpiece over 
Which a non-contact cutting torch is mounted for 3-axis travel 
in a programmed cutting pattern horizontally over the Work 
piece betWeen the edges thereof and vertically on a servo 
control slide, the method comprising the steps of: 

(l) mounting a vertically free ?oating probe to ride on the 
surface of the Workpiece and to travel horizontally With 
the cutting torch; 

(2) monitoring the vertical position of the probe With a 
linear transducer; 

(3) generating a probe position signal to operate the servo 
control slide to maintain a selected gap betWeen the 
torch and the Workpiece; 

(4) directing a How of pressurized air through the probe and 
against the surface of the Workpiece; 

(5) monitoring the pressure of the air How; 
(6) sensing a decrease in pressure as the probe moves off 

the edge; 
(7) generating a signal in response to the pressure decrease 

operative to hold the vertical position of the torch. 

* * * * * 


